Aims. We want to characterise the emission in the centre of the 24 000 AU large circumstellar disk in M 17. Methods. High-resolution JHK s L ′ M ′ -band imaging carried out with NAOS/CONICA at the VLT are combined with H 2 and [Fe ii] narrow-band imaging using SOFI at the NTT. The analysis is supported by Spitzer/GLIMPSE archival data and by SINFONI/VLT Integral Field Spectroscopy data. Results. We resolve the elongated central infrared emission for the first time into a point-source and a jet-like feature that extends to the northeast. We interpret the unresolved point-like emission as to originate from an accreting intermediate to high-mass protostar. In addition, our images reveal a weak and curved southwestern lobe whose morphology resembles that of the previously detected northeastern lobe. We interpret these lobes as the working surfaces of a bipolar jet interacting with the ambient medium at a distance of 1700 AU from the disk centre. In fact, such a jet is strongly suggested by H 2 emission emerging toward the southwest from the disk centre and extending 8600 AU along an axis that is almost perpendicular to the disk plane. Conclusions. The large M 17 disk is obviously associated with an intermediate to high-mass protostar that accretes material from the disk and expels part of it through a symmetric bipolar outflow. The protostar is embedded in circumstellar material producing a visual extinction of A V ≥ 60. The observed K s -band magnitude is equivalent to a main-sequence star having a spectral type of at least B4 that corresponds to a stellar mass of 4 M ⊙ .
Introduction
During a systematic infrared study of the stellar content of M 17, Chini et al. (2004a) discovered an opaque silhouette at JHK with a diameter of 24 000 AU against the bright background of the H ii region. The flared disk is seen under an inclination angle of about 10 • (almost edge-on) and is associated with an optically visible hourglass-shaped nebula perpendicular to the disk plane. The optical spectrum of the nebula exhibits emission lines as observed in T-Tauri stars indicative of disk accretion. Nürnberger et al. (2007) found a H 2 jet emerging from the disk centre, indirectly corroborating the presence of accretion processes. However, the disk mass is still controversial, ranging from about 4 M ⊙ (Sako et al. 2005) to 100 M ⊙ (Chini et al. 2004a ). Steinacker et al. (2006) modelled the optical depth at 2.2 µm and obtained disk masses between 0.02 and 5 M ⊙ depending on the assumed distance -currently 2400 ± 200 pc (Hoffmeister 2007) -and the dust model. Independent of the mass range, the disk is by far the largest ever found that is exhibiting accretion activity and may be a good candidate to study high-mass star formation.
At the disk centre, Chini et al. (2004a) found an elliptical K-band emission of 240 × 450 AU of unknown origin. Likewise, Sako et al. (2005) describe the central object as an elongated compact infrared source. Assuming the K-band flux originates from a single star, the stellar mass may range between a few and 50 M ⊙ , depending on the distance and the assumed extinction Send offprint requests to: M. Nielbock, e-mail: nielbock@mpia.de ⋆ Based on observations collected at the European Southern Observatory, Chile., project nos. 73.C-0170, 73.C-0183 and 75.C-0852. (Steinacker et al. 2006 ). Thus, both the mass and the temperature of the forming star within this spectacular disk remained unknown so far. In this work, we present various new data which provide further insight into the nature of the central protostellar object. Additionally, we discuss the new detection of a curved southwestern emission lobe.
Observations and reduction
The narrow-band imaging was done with SOFI (Finger et al. 1998 ) at the ESO NTT on La Silla, Chile, in April 2004. The H 2 data of the v = 1−0 S(1) transition at λ = 2.12 µm were obtained using a narrow band filter centred on λ = 2.124 ± 0.028 µm. The [Fe ii] line at λ = 1.64 µm was probed with a narrow band filter centred on λ = 1.644 ± 0.025 µm. In order to subtract the continuum contribution from the spectral line data, we obtained images taken in adjacent filters. The seeing limited spatial resolution is 0. ′′ 9 (FWHM), the pixel size is 0. ′′ 288.
The adaptive optics JHK s L ′ M ′ imaging was carried out in July and August 2005 with NAOS/CONICA (Rousset et al. 2003; Lagage et al. 2004 ) at the ESO VLT. We used the CONICA S13 lens for the JHK s measurements providing a pixel resolution of 0. ′′ 013 and a field size of 14 ′′ ×14 ′′ . The L ′ M ′ imaging was done with the L27 lens resulting in a pixel size of 0. ′′ 027. While for the L ′ -band the corresponding FOV was 28 ′′ × 28 ′′ , M ′ -band measurements only use the central 512 × 512 pixels equivalent to a field size of 14 ′′ × 14 ′′ . The effective spatial resolution is 0. ′′ 1 (FWHM). The photometric errors vary between 0.1 mag and 0.4 mag. The inserts show the central 0. ′′ 6× 0. ′′ 6. Left: H image of the emission from the hourglass-shaped nebula. Apart from the known northeastern lobe, a weak bent lobe appears southwest of the disk. To visualise their symmetry, we have superimposed the contours of the two outflow lobes rotated by 180 • around the central source which we define as the symmetry centre; solid contours refer to the southwestern lobe, dashed contours represent the northeastern lobe. Right: K s image resolving the central channel into a point-source and a fainter tail extending to the northeast. The southwestern lobe is invisible in the K s -band. The contours denote the H 2 1 − 0 S(1) line emission at λ = 2.12 µm as published by Nürnberger et al. (2007) . The dashed blue line marks the suggested jet axis as determined by the orientation of the detected tail with respect to the point-source.
The Spitzer post-BCD data were taken from the GLIMPSE survey archive (Benjamin et al. 2003 ) based on an imaging campaign of the galactic plane using the IRAC camera (Fazio et al. 2004 ) on board the Spitzer infrared satellite (Werner et al. 2004 ).
All data were reduced and analysed with IRAF and MOPSI; the NACO H and K s -band images are shown in Fig. 1 . Only the K s -band image shows a genuine point-source; at other wavelengths the emission is diffuse and extended. Therefore, the assignment of a flux density at the various wavelengths is difficult. We were able to produce adequate PSF models in the NACO HK s L ′ M ′ bands by selecting 6 to 10 sufficiently bright stars also detected on the same frame for the subsequent PSF photometry. Due to the absence of sufficiently bright PSF model stars in the NACO J-band, we had to perform aperture photometry. An aperture correction was applied to all the measurements. The results of the photometry are listed in Table 1 .
Astrometric calibration of all but the NACO data is based on the 2MASS database. Since there are no 2MASS sources on the NACO frames, we used stars detected with ISAAC (Chini et al. 2004b) in the vicinity of the disk for astrometry. We estimate the accuracy to be better than 0. ′′ 1.
The disk centre
The K s -band image in Fig. 1 for the first time resolves the elliptical infrared nebulosity at the disk centre into a point-source with a FWHM of 0. ′′ 1 (240 AU) and a tail that extends to the northeast. We will regard the point-source as a single object throughout this letter, although close high-mass binaries can be separated by only ≤ 0.25 AU (Krumholz & Thompson 2007) . The peak of the tail emission is separated by 0. ′′ 08 (190 AU) from the point- Assuming the emission arises from a reddened stellar photosphere, the extinction can be crudely estimated from the (H − K s ) colour. Using a typical intrinsic colour of (H − K s ) ≈ 0.1 ± 0.1 as observed for main-sequence stars between B0 and M4 (Ducati et al. 2001) , we obtain E (H − K s ) ≥ 1.5 being equivalent to a visual extinction of A V ≥ 30 ± 5; this estimate neglects any IR excess, line emission or photon scattering.
Obviously, the knowledge of the extinction toward the central source is crucial to derive its temperature. We therefore tried to obtain an independent estimate of the extinction towards the disk centre by employing the method described by Siebenmorgen & Krügel (2000) . This method assumes both a uniform background radiation and a uniform foreground extinc- Siebenmorgen & Krügel (2000) to Spitzer/IRAC data. The position of the central point-source is marked with a white cross. The scale is given in A V . The extinction maximum is located ∼ 3 ′′ southeast of the disk centre.
tion across the extent of the disk. As a result, the measured extinction is purely due to the dust inside the disk, because other contributions along the line of sight cancel out. Using Spitzer/GLIMPSE archival data, we determined the spatial distribution of the optical depth by analysing the attenuation of the background emission originating from the ionised gas. The optical depth estimates derived for the various Spitzer/IRAC wavebands were converted to visual extinction values (Flaherty et al. 2007; Román-Zúñiga et al. 2007; Nielbock et al. 2003) . In the resulting extinction maps (Fig. 2) , the maximum is located ∼ 3 ′′ (6500 AU) southeast of the central point-source. The peak extinction is probably even higher because of the spatial averaging resulting from the rather poor resolution. At the disk centre, we obtain a total extinction solely caused by the disk material of A V = 60 ± 10, half of which is expected to be the effective disk extinction in front of the centre. Additional contributions (protostar, inner disk, bipolar lobes) simulating a reduced optical depth, as their emission increases the flux density, are neglected. A similar result was given by Steinacker et al. (2006) , who find an optical depth at 2.2 µm of 2.6 including scattering that translates to A V = 27. This value is only a lower limit, because the disk is embedded in the darkest area of the interface between the H ii region and the southwestern molecular cloud. The NIR colours of IR stars in the vicinity of the disk derived from the previously published ISAAC JHK-data (Chini et al. 2004b) demonstrates that typical extinction values around the disk are about A V = 35 ± 5. This has to be added to the contribution from the disk. In total, this amounts to A V = 62 ± 5. Nürnberger et al. (2007) derived A V ≈ 164 close to the disk centre.
Considering these estimates (60 < A V < 160), the K s magnitude of the point-source is equivalent to a spectral type between O3 and B4. In the case of a main-sequence star, the latter would correspond to a stellar mass of 4 M ⊙ (Blum et al. 2000) . We cannot rule out that the K s -band flux of the point-source is contaminated by line emission, which would shift the estimate of spectral types to lower masses. At least, a significant contribution from H 2 is rather unlikely, because the equally bright emission knots of the H 2 jet are not visible in the continuum image.
The bipolar outflows

The emission lobes
The northeastern cavity of the bipolar hourglass shaped nebula (Chini et al. 2004a ) hosts a discrete emission feature that resembles the working surface of protostellar jets as seen in other out- flows like HH 47 (Heathcote et al. 1996; Hartigan et al. 2005) . Using its full size at half maximum in the H-band, the northeastern lobe covers an opening angle of ∼ 70 • with respect to the central point-source; it has a projected length of 3000 AU (1. ′′ 2) and a projected breadth of 1000 AU (0. ′′ 4). In the same area, the NACO data attain J = 17.59 mag/⊓ ⊔ ′′ , H = 16.68 mag/⊓ ⊔ ′′ and K s = 16.80 mag/⊓ ⊔ ′′ . We find a considerable amount of H-band excess of > 1.2 mag/⊓ ⊔ ′′ to what is expected for the thermal emission of a black body. This can be explained either by a combination of photon scattering and extinction or by line emission.
[Fe ii] -together with H 2 -is the main coolant of shocked gas in the NIR (Caratti o Garatti et al. 2006 ), and it is commonly observed in dissociative J-shocks, where the H 2 is completely dissociated (Hollenbach & McKee 1989; Kumar et al. 2003 ). However, apart from a spurious detection ahead of the northeastern lobe, our narrow-band image (Fig. 3, dashed contours) shows a strong concentration of [Fe ii] emission towards the disk centre. This seems to be a typical phenomenon for many protostellar jets (Itoh 2001; Davis et al. 2006) . Therefore, the origin of the strong H-band emission remains unclear, but we point out that a number of vibrationally highly excited molecular hydrogen transitions can populate the H-band (e. g. Caratti o Garatti et al. 2006 ) and might contaminate the continuum flux.
Our H-band image shows a similar, but fainter feature inside the southwestern cavity. In the left panel of Fig. 1, we have superimposed the contours of the northeastern lobe onto the southwestern lobe and vice versa after rotating them by 180 • . Apart from the similar morphology, there is a symmetry with respect to the central point-source. The emission peaks of both lobes have a projected distance of 1700 AU from the central object. These lobes are located along an axis that very well matches the position angle of the star/jet system at the disk centre.
The H 2 jet emission
The geometrical axis connecting the lobes agrees well with the detection of a collimated jet (Nürnberger et al. 2007 ) with H 2 emission knots originating at the disk centre and extending as far as 3. ′′ 6 along the symmetry axis into the southwest. Correcting for the disk inclination of 12 • (Steinacker et al. 2006 ), a protostellar jet with a typical velocity of 100 km s −1 (Reipurth & Bally 2001 ) would reach the current terminus within 420 a.
A northeastern counter-jet was not detected by Nürnberger et al. (2007) ; the same holds for our narrow-band imaging data (Fig. 3, solid contours) . However, our K s image gives the first hint for the existence of such a feature. Likewise, the H 2 emission obtained with SOFI coincides with the tips of the two extended H-band emission lobes and the disk centre suggesting a symmetric configuration.
H 2 emission at the disk surface
In the right panel of Fig. 1 , we added the SINFONI data of Nürnberger et al. (2007) to compare the highly resolved H 2 1 − 0 S(1) emission with the K s continuum. Apart from the prominent emission from the disk centre and the southwestern jet, there is also molecular hydrogen emission at the position of the northwestern disk lane and -although much weaker -at the northeastern lobe. As the H 2 emission in the disk seems to peak at its surface, an external excitation process like UV pumping might be in action. Indeed, PDRs (photo-dissociation regions) are known to possess a fair amount of molecular hydrogen just below its surface that can be excited by FUV (far ultraviolet, 6 eV < hν < 13.6 eV) radiation (Tielens & Hollenbach 1985) .
If external FUV sources like nearby OB stars were responsible for the H 2 emission, the whole disk surface should be affected. In the present case, however, only the inner disk up to a radius of about 1 ′′ is associated with H 2 emission. Therefore, FUV excitation by a central star is a plausible scenario. The model of Diaz-Miller et al. (1998) predicts a PDR radius of R PDR ≈ 2400 AU at n = 10 5 cm −3 for a FUV source of T eff ≈ 15 000 K, if the dust opacity is included. The corresponding radius of the associated ionised hydrogen sphere produced by EUV (extreme ultraviolet, hν ≥ 13.6 eV) photons is only R H ii ≈ 20 AU. At such sizes, the free-free radio emission is strongly self-absorbed (Testi et al. 1998) and cannot be detected. The derived model temperature corresponds to a B4V star (Blum et al. 2000) which, however, is only a lower limit, because the density is most likely much higher, and R PDR ∝ n −2/3 . As a result, the required T eff would be higher, too. In fact, the observed K s magnitude of the central point-source is compatible with a B4V star at a distance of 2400 pc and a visual extinction of A V = 64. This is in agreement with the extinction estimates presented in Sect. 3.
Conclusion
With the new observations, we have clarified the nature of the emission from the large M17 disk in the following aspects:
1. The central elliptical emission could be resolved for the first time into a point-source and a tail that extends to the northeast. We interpret this detection in favour of a single protostar accompanied with a jet. 2. We applied various techniques to estimate the extinction towards the embedded protostar. Considering the results, we quote a conservative lower limit of A V = 60.
3. Considering the observed 2.2 µm flux, this suggests a protostar being equivalent to a spectral type of at least B4 which for a main-sequence star corresponds to a stellar mass of 4 M ⊙ . 4. Apart from the southwestern jet detected by Nürnberger et al. (2007) , we find evidence for a counter-jet towards the northeast. Along with the newly detected southwestern lobe, the outflow pattern of the disk is fairly symmetric in geometry, but largely asymmetric in intensity.
In summary, the new evidence for a luminous stellar source at the disk centre, the pair of symmetric working surfaces and the elongated H 2 emission orientated along the jet axis corroborate the suggestion by Chini et al. (2004a) that an intermediate to high-mass protostellar object is in the process of accretion.
